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ABSTRACT

We investigated the inhibition of Clostridium perjringens spore germination and outgrowth by two green tea extracts
with low (green tea leaf powder [GTL]; 141 mg of total catechins per g of green tea extract) and high (green tea leaf extract
[GTE]; 697 mg of total catechins per g of extract) catechin levels during abusive chilling of retail cooked ground beef, chicken,
and pork. Green tea extracts were mixed into the thawed beef, chicken, and pork at concentrations of 0.5, 1.0, and 2.0% (wtJ
wt), along with a heat-activated (7SOC for 20 min) three-strain spore cocktail to obtain a final concentration of -3 log spores
per g. Samples (5 g) of the ground beef, chicken, and pork were then vacuum packaged and cooked to 71°C for 1 h in a
temperature-controlled water bath. Thereafter, the products were cooled from 54.4 to 7.2°C in 12, 15, 18, or 21 h, resulting
in significant increases (P < 0.05) in the germination and outgrowth of C. perjringens populations in the ground beef, chicken,
and pork control samples without GTL or GTE. Supplementation with 0.5 to 2% levels of GTL did not inhibit C. perjringens
growth from spores. In contrast, the addition of 0.5 to 2% levels of GTE to beef, chicken, and pork resulted in a concentration­
and time-dependent inhibition of C. perjringens growth from spores. At a 2% level of GTE, a significant (P < 0.05) inhibition
of growth occurred at all chill rates for cooked ground beef, chicken, and pork. These results suggest that widely consumed
catechins from green tea can reduce the potential risk of C. perjringens spore germination and outgrowth during abusive
cooling from 54.4 to 7.2°C in 12, 15, 18, or 21 h of cooling for ground beef, chicken, and pork.

Clostridium pelj"ringens poses a significant risk to the
safety of minimally processed meat and poultry products.
This ubiquitous organism depends for growth on more than
a dozen amino acids and several vitamins (4, 23). More­
over, the organism grows more rapidly than any other food­
borne pathogen. The temperature for its growth ranges from
6 to 50°C, with a short doubling time ranging from 7.1 to
10 min, respectively (16). Because of its wide distribution
in foods and rapid growth, C. pelj"ringens outgrowth is used
to determine if cooling, cooked products remain pathogen
free. The current U.S. Department of Agriculture-Food
Safety Inspection Service draft compliance guidelines for
ready-to-eat meat and poultry products state that such prod­
ucts should be cooled at a rate sufficient to prevent no more
than a I-log increase of C. pelj"ringens cells (32).These fed­
eral guidelines also state that cooling from 54.4 to 26.6°C
should take no longer than 1.5 h and that cooling from 26.6
to 4.4°C should take no longer than an additional 5 h (32).
Additional guidelines allow the cooling of certain cured,
cooked meats from 54.4 to 26.7°C in 5 h and from 26.7 to
7.2°C in 10 h.
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Changes in consumer attitudes toward the use of syn­
thetic antimicrobial compounds, such as nitrites and sulfites
in foods, have stimulated the use of naturally occurring
compounds that possess antimicrobial properties. Such bi­
ologically active compounds are more likely to be accepted
by consumers than synthetic formulations.

Previously, we found that the plant-derived natural com­
pounds carvacrol, cinnamaldehyde, thymol, and oregano oil,
as well as the biopolymer chitosan derived from shellfish, in­
dividually inhibited C. perjringens germination and outgrowth
during the exponential cooling of ground beef and turkey (18,
20, 21). The objective of this study was to extend our inhi­
bition studies against C. perfringens to naturally occurring and
widely consumed green tea catechins.

Green tea, produced from the l~es of the plant Ca­
mellia sinensis, is one of the most popular beverages con­
sumed worldwide. In addition to teas, green tea extracts are
sold at retail as health-promoting dietary supplements (nu­
traceuticals) (24). Numerous studies have been published on
the beneficial effects of green tea on human health (3, 13,
28). A major class of biologically active ingredients of green
tea is polyphenolic compounds known as catechins. Cate­
chins account for about 10% of the dry weight of teas (3).

A number of published studies describe the antimicro­
bial effects of tea compounds against a variety of bacteria,
bacterial toxins, viruses, and fungi (5, 6, 8, 10, 14, 15, 22,
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25, 27, 29, 31, 34, 35), which are reviewed in Cushnie and
Lamb (7) and Friedman (9). A previous study by Ahn et
al. (1) showed that 5 mg of gallocatechin and epigalloca­
techin gallate isolated from green tea restricted the growth
of C. peljringens in vitro. Methyl gallate or gallic acid (10
mg) derived from the Galla-Rhois rhubarb plant also inhib­
ited the spores of C. peljringens (2). However, to our
knowledge, the potential of green tea extracts to inhibit the
germination and outgrowth of C. peljringens during the
cooling of cooked meat and poultry products has not been
previously assessed. Accordingly, the main objective of this
study was to determine whether green tea extracts with low
(green tea leaf powder [GTL]; 141 mg of total of seven
catechins per g of green tea extract) or high (green tea leaf
extract [GTE]; 697 mg of total of seven catechins per g of
extract) catechin levels (12) would inhibit the outgrowth of
C. peljringens from spores in retail cooked ground beef,
chicken, and pork during chilling.

MATERIALS AND METHODS

Test compounds. Green tea polyphenols (+LKTG6817, lot
no. 2395505; GTE) were obtained from LKT Laboratories Inc.
(St. Paul, Minn.). GTL (Chromadex BRM 30330-054; ASB­
00030330-005) was obtained from Chromadex Inc. (Santa Ana,
Calif.). This product is a powdered tea sample with approximately
20% of the polyphenol content of the green tea polyphenols.

GTL and GTE contained the following catechin levels (ex­
pressed in milligrams per gram), as determined by high-pressure
liquid chromatography (HPLC) (11, 12): [( - )-epigallocatechin,
18.9 and 91.0; (- )-catechin, 4.4 and 23.3; (+)-epicatechin, 7.6
and 89.9; (- )-epigallocatechin-3-gallate, 77.8 and 278.6; (- )-gal­
locatechin-3-gallate, 4.1 and 27.7; (- )-epicatechin-3-gallate, 23.9
and 175.4; and (-)-catechin-3-gallate, 4.1 and 12.0; their sum,
140.8 and 696.9].

GTL and GTE also contained the following alkaloid levels
(expressed in milligrams per gram): caffeine, 43.3 and 18.2; theo­
bromine, 4.2 and 1.5; and theophylline, 0.2 and 2.9; their sum,
47.7 and 22.6.

Test organisms and spore production. C. perfringens
strains NCTC 8238, NCTC 8239, and ATCC 10288 were obtained
from the Microbial Food Safety Research Unit, Eastern Regional
Research Unit (Wyndmoor, Pa.), culture collection. An active cul­
ture of each strain was freshly prepared in fluid thioglycolate me­
dium, and sporulation was stimulated in Duncan-Strong sporula­
tion medium as previously described (17). After the spore crop of
each strain was washed twice and resuspended in sterile distilled
water, the spore suspensions were stored at 4°C for up to 6
months. A spore cocktail containing the three strains of C. per­
jringens was prepared immediately prior to use by mixing ap­
proximately the same volume of spores from each suspension
(-3.0 log spores per g).

Preparation and inoculation of ground meat. Ground beef
(93% lean), lean ground chicken, and lean ground pork were ob­
tained from a retail market in Wyndmoor, Pa., and stored frozen
(-5°C) until used (approximately 40 days). Green tea polyphenols
and GTL were separately mixed into the ground beef, chicken, or
pork samples with a KitchenAid mixer to final concentrations of
0.5, I, and 2% (wt/wt). Duplicate ground beef, chicken, and pork
(5-g samples) were then aseptically weighed into low-oxygen­
transmission Whirl-Pak bags (4 oz [1l3.4 g] with 120-ml capac­
ity; 3 in. wide by 7lf4 in. long; 7.5 by 18.5 em; barrier film 0.125

ml of oxygen transmission per 100-in. square in 24 h; part no.
BOI298WA, Nasco, Modesto, Calif.) and inoculated with I mlof
the heat-shocked C. perfringens spore cocktail to a final concen­
tration of -3.0 log spores per g. The bags were thoroughly mixed
manually to ensure an even distribution of the spores in the meat
sample. Negative controls consisted of bags containing uninocu­
lated ground beef, chicken, or pork. The bags were then evacuated
to a negative pressure of 105 Pa and heat sealed with a Multivac
gas-packaging machine (model A300/16, Multivac Inc., Kansas
City, Mo.).

Cooking and cooling procedures. The Whirl-Pak bags con­
taining the inoculated products were sandwiched between stainless
steel wire racks as described previously (30). The product was then
completely submerged in a circulating water bath (Exacal, model
RTE-221, NESLAB Instruments, Inc., Newington, N.H.). The tem­
perature of the water bath was increased linearly to 71°C within I h
to mimic the cooking of meat and poultry products in retail food
service establishments and the food industry. Next, the bags were
removed and chilled immediately in an ice water bath, and the cells
were then plated as described below. A second set of racks containing
the product, with a C. perjringens spore cocktail of -3.0 log spores
per g, for each treatment was cooked (71oC for I h) and then trans­
ferred to a programmable water bath set at 54.5°C. The bath was
allowed to equilibrate at this temperature for 10 min and then chilled
at an exponential rate from 54.5 to 7.2°C according to the target
chilling times shown in Tables I through 3.

Enumeration of bacteria. Immediately after cooking, chill­
ing, or both, samples were removed and enumerated for total ger­
minated C. perfringens populations by spiral plating (Spiral Sys­
tems Model D Plating Instruments, Spiral Systems, Cincinnati,
Ohio) on tryptose-sulfite-cycloserine agar (Difco, Becton Dick­
inson, Sparks, Md.) as described previously (19). The total C.
perfringens population was determined after 48 h of incubation at
37°C in a Bactron anaerobic chamber (Bactron IV, Sheldon Lab­
oratories, Cornelius, Oreg.). The lower limit of detection by this
procedure is 21 CFU/ml. Uninoculated ground beef, chicken, and
pork and cooked ground beef, chicken, and pork without GTE or
GTL were used to verify the absence of naturally occurring C.
perfringens. This verification involved plating on lactose-gelatin
and nitrate-motility medium.

Statistical analyses. Two independent trials, in duplicate, as de­
fined by a new batch of ground meat, were performed for each of
the exponential chilling rates (12, 15, 18, and 21 h). Data were an­
alyzed with an analysis of variance by the General Linear Models
procedure of SAS (release 9.1.3, SAS Institute, Inc., Cary, N.C.). The
Bonferroni mean separation test was used to determine significant
changes (P < 0.05) before and after chilling in C. perfringens pop­
ulations (log CFU per gram) in treated samples (26).

RESULTS AND DISCUSSION

The programmed time-temperature profiles of the prod­
ucts for the 12-, 15-, 18-, and 2l-h chill rates are reported in
previous publications (18, 30). These profiles represent ex­
tended chilling rates based on the U.S. Department of Agri­
culture-Food Safety and Inspection Service or the U.S. Food
and Drug Administration stabilization requirements for the
chilling of uncured, cooked meat and poultry products.

Tables 1 through 3 compare the effects of adding 0.5,
1.0, or 2.0% (wt/wt) of two green tea extracts on the out­
growth and germination of C. peljringens in three different
meat products: ground beef, ground chicken, and ground
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TABLE 1. Control of Clostridium perfringens by green tea leaf extract (GTE)a and green tea leaf powder (GTL)b during the cooling
of cooked beef'

12-h chill rate 15-h chill rate 18-h chill rate 21-h chill rate

Beef sample l-h cook Chill l-h cook Chill l-h cook Chill l-h cook Chill

Control
0.5% GTE

Control
1% GTE

Control
2% GTE

Control
0.5% GTL

Control
1% GTL

Control
2% GTL

3.34 ± 0.21 7.24 ± 0.15 3.17 ± 0.13 8.04 ± 0.70 3.24 ± 0.18 7.85 ± 0.27
3.59 ± 0.07 A 6.48 ± 0.17 B 3.45 ± 0.27 A 6.71 ± 0.45 B 3.33 ± 0.20 A 6.84 ± 0.41 B

3.15 ± 0.06 7.89 ± 0.87 3.24 ± 0.18 7.85 ± 0.27 3.15 ± 0.23 8.02 ± 0.17
3.48 ± 0.40 A 4.29 ± 1.94 A 3.70 ± 0.23 A 6.07 ± 0.70 B 3.60 ± 0.30 A 7.33 ± 0.06 B

2.75 ± 0.60 8.12 ± 0.61 3.24 ± 0.18 7.90 ± 0.27 3.15 ± 0.23 7.76 ± 0.14
3.33 ± 1.1 A 3.69 ± 0.19 A 3.79 ± 0.50 A 4.26 ± 0.08 A 3.79 ± 0.50 A 4.40 ± 0.17 A

3.27 ± 0.22 7.24 ± 0.15 3.27 ± 0.24 7.62 ± 0.19
3.50 ± 0.24 A 7.04 ± 0.02 B 3.50 ± 0.24 A 7.30 ± 0.17 B

3.17 ± 0.08 7.23 ± 0.21 3.08 ± 0.15 8.21 ± 0.52 3.24 ± 0.18 7.85 ± 0.27 3.15 ± 0.23 7.76 ± 0.14
3.57 ± 0.17 A 6.97 ± 0.17 B 3.22 ± 0.43 A 7.71 ± 0.24 B 3.47 ± 0.27 A 7.8 ± 0.54 B 3.34 ± 0.32 A 7.53 ± 0.19 B

3.34 ± 0.21 5.88 ± 1.98 3.15 ± 0.23 8.13 ± 0.61
3.58 ± 0.27 A 6.39 ± 0.69 B 3.31 ± 0.21 A 7.16 ± 0.28 B

a Previously determined to contain 697 mg of total catechins per g.
b Previously determined to contain 141 mg of total catechins per g, about one-fifth of the polyphenol content of GTE.
C For each treatment and chill rate, two means (l-h cook versus chill) with different letters are significantly (P < 0.05) different, while

two means with the same letter are not significantly different. Listed values represent total germinated C. perjringens populations.

pork. Statistical analyses were used to identify treatments
that significantly inhibited the pathogen. For each treat­
ment, we compared the means of C. perjringens population
densities after the l-h cooking time and after 12, 15, 18, or
21 h of subsequent exponential chill rates. Those treatments
for which the means did not differ significantly (P < 0.05)
were considered effective inhibitors of growth of C. per­
jringens from spores during the cooling of the cooked prod­
ucts from 54.4 to 7.2°C in the 12- to 2l-h time frames.

Tables 1 through 3 also show that the chilling of con­
trol samples without GTL or GTE, following the 12-, 15-,
18-, or 2l-h exponential chill rates, resulted in significant
increases (P < 0.05) in the germination and outgrowth of

C. perjringens populations in ground beef, chicken, or pork.
The extent of growth obtained in the present study was, in
general, similar to the growth rates reported in the literature
(18, 20, 21).

GTL did not prevent C. perjringens growth from
spores in the ground beef, chicken, or pork at the three
concentrations tested during the 12-, 15-, 18-, or 2l-h ex­
ponential chill rates (Tables 1 through 3). This lack of ac­
tivity may be attributed to the low catechin content of this
green tea extract compared with GTE. In contrast, GTE
with the higher catechin content was effective at controlling
C. perjringens population densities following the 12-, 15-,
18-, or 2l-h exponential chill rates. Supplementing ground

TABLE 2. Control of Clostridium perfringens by green tea leaf extract (GTE)a and green tea leaf powder (GTL)b during the cooling
of cooked chickenC

12-h chill rate 15-h chill rate 18-h chill rate 21-h chill rate
Chicken
sample l-h cook Chill l-h cook Chill I-h cook Chill l-h cook Chill

Control
0.5% GTE

Control
1% GTE

Control
2% GTE

Control
0.5% GTL

Control
1% GTL

Control
2% GTL

3.46 ± 0.19 6.60 ± 0.25 3.28 ± 0.08 7.10 ± 0.21 3.23 ± 0.10 7.66 ± 0.25
3.57 ± 0.19 A 5.10 ± 0.99 B 3.54 ± 0.24 A 6.50 ± 0.63 B 3.49 ± 0.19 A 6.75 ±\}13 B

3.04 ± 0.31 7.01 ± 0.13 3.23 ± 0.10 7.66 ± 0.25 3.33 ± 0.05 7.87 ± 0.39
3.46 ± 0.15 A 3.75 ± 0.98 A 3.67 ± 0.16 A 5.4 ± 0.38 B 3.49 ± 0.14 A 5.89 ± 0.29 B

3.04 ± 0.31 7.01 ± 0.13 3.23 ± 0.10 7.66 ± 0.25 3.33 ± 0.05 7.66 ± 0.16
3.42 ± 0.09 A 3.86 ± 0.37 A 3.31 ± 0.17 A 4.09 ± 0.23 A 3.38 ± 0.05 A 3.93 ± 0.36 A

3.46 ± 0.19 6.63 ± 0.30 3.44 ± 0.22 7.25 ± 0.09
3.58 ± 0.26 A 5.95 ± 0.53 B 3.45 ± 0.26 A 6.90 ± 0.21 B

3.30 ± 0.04 6.48 ± 0.24 3.21 ± 0.10 7.07 ± 0.26 3.23 ± 0.10 7.66 ± 0.25 3.33 ± 0.05 7.66 ± 0.16
3.38 ± 0.03 A 5.72 ± 0.17 B 3.25 ± 0.15 A 6.71 ± 0.7 B 3.52 ± 0.17 A 7.27 ± 0.17 B 3.39 ± 0.03 A 7.10 ± 0.18 B

3.46 ± 0.19 6.60 ± 0.25 3.33 ± 0.05 7.30 ± 0.42
3.56 ± 0.12 A 5.07 ± 0.46 B 3.46 ± 0.13 A 6.39 ± 0.20 B

a Previously determined to contain 697 mg of total catechins per g.
b Previously determined to contain 141 mg of total catechins per g, about one-fifth of the polyphenol content of GTE.
C For each treatment and chill rate, two means (l-h cook versus chill) with different letters are significantly (P < 0.05) different, while

two means with the same letter are not significantly different. Listed values represent total germinated C. perjringens'populations.
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TABLE 3. Control of Clostridium perfringens by green tea leaf extract (GTE)a and green tea leaf powder (GTL)b during the cooling
of cooked pork!

l2-h chill rate l5-h chill rate l8-h chill rate 2l-h chill rate

Pork sample l-h cook Chill l-h cook Chill l-h cook Chill l-h cook Chill

Control
0.5% GTE

Control
1% GTE

Control
2% GTE

Control
0.5% GTL

Control
1% GTL

Control
2% GTL

3.18 ± 0.15 7.26 ± 0.09 3.35 ± 0.25 5.24 ± 0.74 3.48 ± 0.12 6.23 ± 1.41
3.03 ± 0.26 A 5.31 ± 0.18 B 3.38 ± 0.11 A 4.93 ± 0.25 B 3.45 ± 0.20 A 6.24 ± 0.73 B

3.01 ± 0.68 5.21 ± 1.10 3.48 ± 0.11 6.45 ± 1.69 3.40 ± 0.18 7.61 ± 0.71
3.36 ± 0.18 A 2.66 ± 0.62 A 3.58 ± 0.10 A 4.02 ± 0.37 A 3.37 ± 0.16 A 4.92 ± 0.31 B

3.40 ± 0.18 5.12 ± 0.86 3.40 ± 0.18 6.22 ± 1.41 3.40 ± 0.18 7.30 ± 0.34
3.64 ± 0.42 A 3.94 ± 0.12 A 3.64 ± 0.42 A 4.89 ± 0.23 A 3.60 ± 0.42 A 4.07 ± 0.21 A

3.18 ± 0.15 7.26 ± 0.09 3.03 ± 0.28 7.45 ± 0.54
3.42 ± 0.16 A 5.92 ± 0.54 B 2.95 ± 0.27 A 6.23 ± 0.47 B

3.18 ± 0.15 7.26 ± 0.09 3.03 ± 0.28 7.45 ± 0.54 3.48 ± 0.11 6.17 ± 1.46 3.40 ± 0.18 7.30 ± 0.34
3.20 ± 0.24 A 5.62 ± 0.35 B 3.06 ± 0.30 A 6.03 ± 0.57 B 3.46 ± 0.25 A 4.56 ± 0.12 B 3.28 ± 0.21 A 7.55 ± 0.20 B

3.18 ± 0.15 7.26 ± 0.09 3.03 ± 0.28 7.45 ± 0.54
3.05 ± 0.11 A 5.39 ± 0.10 B 3.23 ± 0.17 A 5.45 ± 0.39 B

a Previously determined to contain 697 mg of total catechins per g.
b Previously determined to contain 141 mg of total catechins per g, about one-fifth of the po1ypheno1 content of GTE.
C For each treatment and chill rate, two means (l-h cook versus chill) with different letters are significantly (P < 0.05) different, while

two means with the same letter are not significantly different. Listed values represent total germinated C. perjringens populations.

beef with GTE resulted in concentration- and time-depen­
dent inhibition of C. peifringens growth from spores. Spe­
cifically, although 0.5% GTE did not inhibit the germina­
tion and outgrowth of spores even at the 12-h chill rates,
adding 1% GTE to ground beef significantly restricted
growth from spores at the 5-h exponential chill rates (Table
1). Note, however, that C. peifringens population densities
significantly increased (P < 0.05) from 3.70 to 6.07 log
CFU/g following the 18-h chill rate for beef. At a concen­
tration of 2%, GTE completely controlled C. peifringens
growth from spores, even during an extended rate and ex­
tent of cooling from 54.4 to 7.2°C in 21 h.

With ground chicken, a complete prevention of growth
«0.3 log) occurred with 1% GTE at the 15-h chill rate
and with 2% GTE at the 15-,18-, and 21-h chill rates (Table
2). In general, the inhibition of C. peifringens growth from
spores in ground pork was similar to that of beef or chick­
en, except that there was a significant (P < 0.05) inhibition
of growth with 1% GTE at the 18-h chill rate (Table 3).

As mentioned earlier, it is well known that polyphe­
nolic compounds in tea exhibit antimicrobial activity. These
compounds include catechin, epicatechin, gallocatechin,
epigallocatechin gallate, catechin gallate, epicatechin gal­
late, and gallic acid (8, 10, 31, 33, 34). The distributions
of the catechins in green teas and the theaftavins in black
teas (collectively known as ftavonoids), as well as the bi­
ologically active alkaloids caffeine, theobromine, and the­
ophylline in a large number of commercial teas, have been
determined (11, 12). In addition, researchers have used
HPLC to analyze commercial green tea dietary supplements
sold as capsules and powders, including two of the green
tea extracts (powders) evaluated in the present study (12).
Total catechin levels for the four products sold as powders
ranged from 96.0 to 696.9 mg/g of product, a 7.3-fold var­
iation from the highest to lowest value.

Juneja et al. (17) developed a medium for enhancing

the sporulation of C. peifringens by supplementing Dun­
can-Strong sporulation medium with caffeine, theobromine,
or theophylline. Thus, the addition of 100 /Lg of caffeine
per ml increased C. peifringens spore yields from 4.32 to
6.03 log spores per ml after 24 h of incubation at 37°C.
Since these tea alkaloids enhanced sporulation, it is relevant
to note, as mentioned earlier, that the green extracts used
in the present study contained the following total concen­
trations of the three alkaloids (expressed in milligrams per
gram): GTL, 47.2; and GTE, 22.6. The low activity of the
GTL extract may be partly due to the effect of its high
content of alkaloids counteracting the inhibiting effects of
the catechins on the spores. This aspect merits further study.

The results of the present study show that 1 to 2%
levels of a high catechin tea extract containing seven cat­
echins (see "Materials and Methods") were effective at
controlling the germination and outgrowth of C. peifrin­
gens spores in ground red meat and poultry muscle foods.
The findings of the present study contrast with the obser­
vation by Kim et al. (22), who reported that although tea
extracts were active against Staphylococcus aureus and Lis­
teria monocytogenes in vitro, they were inactive against
these organisms in beef. On the basis of the results obtained
in the present study, Kim et al. (22) are probably correct in
suggesting that the low concentration (0.1 %) of tea they
used explains the lack of activity in their beef model.

To our knowledge, there are no other published studies
on the activities of tea catechins or teas against pathogenic
bacteria in meat and poultry products. In a future study, we
plan to evaluate the potential of black and white tea extracts
that contain biologically active theaftavins against the path­
ogenic organisms in meat and poultry.

Supplementing raw beef, chicken, or pork with I to
2% GTE can reduce the potential risk of C. peifringens
growth from spores during abusive chilling regimes, thus
minimizing the risk to consumers from contaminated food.
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Our results suggest that the inhibition of growth is re­
lated to the catechin content of the two green tea extracts
evaluated in this study. The extract with a higher content
was much more effective at controlling C. pelj'ringens in
the three meat matrices at the 12-, 15-, 18-, or 21-h expo­
nential chill rates than was the extract with the low catechin
levels. Use of 1% GTE in beef, chicken, or pork can ef­
fectively control C. pelj'ringens growth from spores follow­
ing 15 h of chilling. C. pelj'ringens populations were con­
trolled after 18 or 21 h of chilling by increasing the levels
of GTE to 2% in beef, chicken, or pork under the conditions
employed in the present study. The use of tea extracts and
of individual tea catechins for the large-scale production of
meat and poultry products while guarding against C. per­
jringens and possibly other sporulating organisms, includ­
ing Bacillus anthracis, Clostridium difjicile, and Clostridi­
um botulinum, as well as the flavor, taste, and appearance
aspects of these products, merits further study.

ACKNOWLEDGMENTS

We thank Angie Martinez for her technical assistance with perform­
ing laboratory studies and John Phillips for statistical analyses of the data.

REFERENCES

I. Ahn, Y. J., T. Kawamura, M. Kim, T. Yamamoto, and T. Mitsuoka.
1991. Tea polyphenols: selective growth inhibitors of Clostridium
spp. Agric. BioI. Chem. 55:1425-1426.

2. Ahn, Y. J., C. O. Lee, J. H. Kweon, J. W. Ahn, and J. H. Park. 1998.
Growth inhibitory effects of Galla Rhois derived tannins on intes­
tinal bacteria. J. Appl. Microbiol. 84:439-443.

3. Balentine, D. A., S. A. Wiseman, and L. C. Bouwens. 1997. The
chemistry of tea flavonoids. Crit. Rev. Food Sci. Nutr. 37:693-704.

4. Brynestad, S., and P. E. Granum. 2002. Clostridium perfringens and
foodborne infections. Int. J. Food Microbiol. 74:195-202.

5. Caturla, N., E. Vera-Samper, 1. Villalain, C. R Mateo, and V. Mico!.
2003. The relationship between the antioxidant and the antibacterial
properties of galloylated catechins and the structure of phospholipid
model membranes. Free Radic. BioI. Med. 34:648-662.

6. Chou, C. c., L. L. Lin, and K. T. Chung. 1999. Antimicrobial activity
of tea as affected by the degree of fermentation and manufacturing
season. Int. J. Food Microbiol. 48:125-130.

7. Cushnie, T. P., and A. J. Lamb. 2005. Antimicrobial activity of fla­
vonoids. Int. J. Antimicrob. Agents 26:343-356.

8. Diker, K. S., M. Akan, G. Hascelik, and M. Yurdakok. 1991. The
bacterial activity of tea against Campylobacter jejuni and Campylo­
bacter coli. Lett. Appl. Microbiol. 12:34-35.

9. Friedman, M. 2007. Overview of antibacterial, antitoxin, antiviral,
and antifungal activities of tea compounds. Mol. Nutr. Food Res. 51:
116-134.

10. Friedman, M., P. R Henika, C. E. Levin, R E. Mandrell, and N.
Kozukue. 2005. Antibiotic activities of tea catechins and teas against
the foodborne pathogen Bacillus cereus. Abstr. ASM1235. American
Society of Microbiology, San Francisco.

11. Friedman, M., S.-Y. Kim, S.-J. Lee, G.-P. Han, J.-S. Han, R-K. Lee,
and N. Kozukue. 2005. Distribution of catechins, theaflavins, caf­
feine, and theobromine in 77 teas consumed in the United States. J.
Food Sci. 70:C550-559.

12. Friedman, M., C. E. Levin, S.-H. Choi, E. Kozukue, and N. Kozuk­
ue. 2006. HPLC analysis of catechins, theaflavins, and alkaloids in
commercial teas and green tea dietary supplements: comparison of
water and 80% ethanol/water extracts. J. Food Sci. 71:C328-337.

13. Friedman, M., B. E. Mackey, H.-J. Kim, I.-S. Lee, K.-R. Lee, S.-D.
Lee, E. Kozukue, and N. Kozukue. 2007. Structure-activity relation­
ships of tea compounds against human cancer cells. J. Agric. Food
Chem. 55:243-253.

14. Hirasawa, M., and K. Takada. 2004. Multiple effects of green tea

catechin on the antifungal activity of antimycotics against Candida
albicans. J. Antimicrob. Chemother. 53:225-229.

15. Hirasawa, M., K. Takada, and S. Otake. 2006. Inhibition of acid
production in dental plaque bacteria by green tea catechins. Caries
Res. 40:265-270.

16. Johnson, E. A. 1990. Clostridium perfringens food poisoning, p.
229-240. In D. O. Cliver (ed.), Foodborne diseases. Academic Press,
San Diego, Calif.

17. Juneja, V. K., J. E. Call, and A. J. Miller. 1993. Evaluation of meth­
ylxanthines and related compounds to enhance Clostridium perfrin­
gens sporulation using a modified Duncan and Strong medium. J.
Rapid Methods Automat. Microbiol. 2:203-218.

18. Juneja, V. K., and M. Friedman. 2007. Carvacrol, cinnamaldehyde,
oregano oil, and thymol inhibit Clostridium perfringens spore ger­
mination and outgrowth in ground turkey during chilling. J. Food
Prot. 70:218-222.

19. Juneja, V. K., and B. S. Marmer. 1998. Thermal inactivation of Clos­
tridium perfringens vegetative cells in ground beef and turkey as
affected by sodium pyrophosphate. Food Microbiol. 15:281-287.

20. Juneja, V. K., H. Thippareddi, L. Bari, Y. Inatsu, S. Kawamoto, and
M. Friedman. 2006. Chitosan protects cooked ground beef and tur­
key against Clostridium perfringens spores during chilling. J. Food
Sci. 71:M236-240.

21. Juneja, V. K., H. Thippareddi, and M. Friedman. 2006. Control of
Clostridium perfringens in cooked ground beef by carvacrol, cin­
namaldehyde, thymol, or oregano oil during chilling. J. Food Prot.
69:1546-1551.

22. Kim, S., C. Ruengwilysup, and D. Y. Fung. 2004. Antibacterial ef­
fect of water-soluble tea extracts on foodborne pathogens in labo­
ratory medium and in a food model. J. Food Prot. 67:2608-2612.

23. Labbe, R G., and V. K. Juneja. 2002. Clostridium perfringens, p.
119-126. In D. O. Cliver and H. P. Riemann (ed.), Foodborne dis­
eases, 2nd ed. Academic Press, San Diego, Calif.

24. Lai, P. K., and J. Roy. 2004. Antimicrobial and chemopreventive
properties of herbs and spices. Curro Med. Chem. 11:1451-1460.

25. Lee, Y. S., C. H. Han, S. H. Kang, S. 1. Lee, S. W. Kim, O. R. Shin,
Y. C. Sim, and Y. H. Cho. 2005. Synergistic effect between catechin
and ciprofloxacin on chronic bacterial prostatitis rat model. Int. J.
Urol. 12:383-389.

26. Miller, R G., Jr. 1981. Simultaneous statistical inference. Springer­
Verlag, New York.

27. Sakanaka, S., L. R Juneja, and M. Taniguchi. 2000. Antimicrobial
effects of green tea polyphenols on thermophilic spore-forming bac-

~ teria. J. Biosci. Bioeng. 90:81-85.
28. Segal, M. 1997. Tea: a story of serendipity. FDA Consumer 30:22­

26.
29. Taguri, T., T. Tanaka, and I. Kouno. 2004. Antimicrobial activity of

10 different plant polyphenols against bacteria causing food-borne
disease. BioI. Pharm. Bull. 27:1965-1969.

30. Thippareddi, R., J. R Juneja, R. K. Phebus, J. L. Marssden, and C.
L. Kastner. 2003. Control of Clostridium perfringens germination
and outgrowth by buffered sodium citrate during chilling of roast
beef and injected pork. J. Food Prot. 66:376-381.

31. Toda, M., S. Okubo, H. Ikigai, T. Suzuki, Y. Suzuki, Y. Hara, and
T. Shimamura. 1992. The protective activity of tea catechins against
experimental infection by Vibrio cholerae 01. Microbiol. Immunol.
36:999-1001.

32. U.S. Department of Agriculture, Food Safety and Inspection Service.
2001. Draft compliance guidelines for ready-to-eat meat and poultry
products. Fed. Regist. 66.

33. Yam, T. S., J. M. Hamilton-Miller, and S. Shah. 1998. The effect of
a component of tea (Camellia sinensis) on methicillin resistance,
PBP2' synthesis, and beta-Iactamase production in Staphylococcus
aureus. J. Antimicrob. Chemother. 42:211-216.

34. Yam, T. S., S. Shah, and J. M. Hamilton-Miller. 1997. Microbiolog­
ical activity of whole and fractionated crude extracts of tea (Camellia
sinensis), and of tea components. FEMS Microbiol. Lett. 152:169­
174.

35. Yao, S., H. Tan, H. Zhang, X. Su, and W. Wei. 1998. Bulk acoustic
bacterial growth sensor applied to analysis of antimicrobial proper­
ties of tea. Biotechnol. Prog. 14:639-644.




